Abstract
infected patients undergoing PEG-IFN / RBV treatment and IL28B polymorphisms. Results were compared to those of patients infected with HCV-1 and HCV-3.
MATERIALS AND METHODS

Patients
We analyzed data from a cohort of patients recruited at our center (King Chulalongkorn Memorial Hospital, Bangkok, Thailand) as described previously [15] . Briefly, 66 treatment-naïve adults with chronic HCV infection received PEG-IFN-α2a (Pegasys, Roche) 180 μg/wk plus weight-based RBV (Copegus, Roche) according to the following body weights: ≤ 75 kg, 1000 mg/d; and > 75 kg, 1200 mg/d. Patients infected with HCV-1 and HCV-3 were treated for a fixed duration of 48 and 24 wk, respectively. Patients infected with HCV-6 who achieved RVR were assigned to treatment for 24 wk and the remaining patients were treated for 48 wk. One patient who lost follow up was excluded from the current cohort. The study protocol had been approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand (IRB No. 511/51), and all participants had provided written informed consent. The study followed the Helsinki Declaration and Good Clinical Practice guidelines.
HCV RNA kinetics
Serum HCV RNA levels were assessed at days 0, 2, 7, 14, 21 and 28 by real-time quantitative reverse transcriptionpolymerase chain reaction (RT-PCR)(COBAS TaqMan HCV assay; Roche Diagnostics, Basel, Switzerland), according to the manufacturer's instructions. The first phase decline was characterized as the difference in HCV RNA levels (log10 IU/mL) from day 0 to 2. The second phase decline was defined as the best fit slope of serum HCV RNA (log10 IU/mL/wk) levels from days 7 to 28 [16] . Rapid virological response (RVR) was defined as undetectable HCV RNA at week 4, while SVR was defined as undetectable HCV RNA 24 wk after the end of treatment.
Single nucleotide polymorphism genotyping
Genomic DNA of HCV patients was extracted from 100 μL of peripheral blood mononuclear cells (PBMC) using the QIAamp DNA Mini Kit according to the manufacturer's instruction (Qiagen, Germany). The single nucleotide polymorphism (SNP); rs12979860 was identified by PCR using specific primers and direct nucleotide sequencing.
The PCR mixture for rs12979860 amplification consisted of 3 μL of extracted DNA, 5 pmole of each primer including rs12979860_R341 (5'-CTCTTCCTCCT-G C G G G A C A A G -3 ' ) a n d r s 1 2 9 7 9 8 6 0 _ F 7 0 6 (5'-TACACCCGTTCCTGTCCCAAG-3'), 12.5 μL of 2 × Perfect Tag Plus MasterMix (5 PRIME, Gaithersburg, MD) and distilled water to a final volume of 25 μL. After an initial denaturation at 94 ℃ for 3 min, 40 cycles of amplification were performed, each including 28B; rs12979860; Early viral kinetics Core tip: Assessment of the early viral kinetics of hepatitis C virus (HCV) RNA during pegylated interferon/ ribavirin therapy correlates with a specific interleukin-28B polymorphism, potentially revealing insights about the virus-host dynamics. This is the first study to report that single nucleotide polymorphism rs12979860 is well correlated with early viral kinetics in the response to antiviral therapy and leads to a higher rate of rapid virological response in HCV-6 infected patients.
INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a major cause of cirrhosis, end-stage liver disease and hepatocellular carcinoma (HCC) [1] . HCV has been classified into seven major genotypes and several subtypes, which exhibit distinctive patterns of geographic distribution [2, 3] . In Thailand, approximately 2.2% of the general population has been chronically infected with HCV and the most common genotypes are HCV genotype 3 (HCV-3), genotype 1 (HCV-1) and genotype 6 (HCV-6), respectively [4] . The current standard therapy for all HCV genotypes is a combination of pegylated interferon (PEG-IFN) and ribavirin (RBV). A sustained virological response (SVR) following antiviral treatment can delay disease progression and decrease HCC development. In the Asian population, treatment with the combined therapy results in different SVR depending on the HCV genotype (50%-60% in HCV-1 infected patients, 80%-90% in HCV-3 infected patients, and 70%-80% in HCV-6 infected patients) [5] . Early viral kinetics as measured by HCV RNA levels during the first few weeks of treatment has been shown to be an important predictor of PEG-IFN-based therapy. Typically, HCV kinetics exhibits a biphasic pattern [6] [7] [8] . The first phase is characterized by a decline in serum HCV RNA from days 0-2, which represents the antiviral action of interferon (IFN) in blocking HCV production. The second phase, defined by the reduction of HCV RNA levels during days 7-28, is thought to correlate with clearance of HCV. However, different HCV genotypes exhibit different viral kinetics [9, 10] . Moreover, it has been shown that polymorphisms near interleukin-28B (IL28B) gene are strongly associated with early viral kinetics during PEG-IFN/RBV therapy in patients with chronic HCV-1 infection [11] [12] [13] [14] . However, this correlation has not been investigated in HCV-6 infected individuals. This study aims to determine the early viral kinetics in HCV-6 denaturation at 94 ℃ for 30 s, annealing at 62 ℃ for 30 s and extension at 72 ℃ for 30 s, then followed by a final extension step at 72 ℃ for 7 min.
In some cases with insufficient amount of PBMC, nested PCR was performed with samples extracted from plasma. The reaction mixture and amplification condition were the same as described above. The outer set of primers used for the first round of PCR included rs12979860_F (5'-GGCGCTGAGGGACCGCTAC-GTAAGTCACCG-3') and rs12979860_R (5'-CGCT-GCCCCCAGCTCAGCGCCTCTTCCTCC-3'). Then, 1 μL of the first PCR product was combined with primers including rs12979860_R341 and rs12979860_F706 for the subsequent nested PCR. In order to ensure no contamination occurred, negative control was included in both first round and nested PCR amplification in each experiment. The amplification fragment was separated in 2% agarose gel electrophoresis, stained with ethidium bromide and visualized under UV transilluminator. The PCR products were then purified using GelExtract Mini Kits (5 PRIME, Gaithersburg, MD) and subjected to bidirectional sequencing (First BASE Laboratories, Malaysia) using both forward and reverse primers.
The SNP typing of rs12979860 was analyzed based on the chromatograms of nucleotide bases at the SNP position compared with the reference sequence retrieved from Genbank database (http://www.ncbi.nlm.nih. gov/). The chromatograms were visualized and analyzed using Chromas LITE (v.2.01) and SeqMan (DNASTAR, Medison, WI). The superimposed chromatogram signals at the SNP position was interpreted as heterozygous genotype [17] . According to rs12979860 genotypes, CC was defined as major alleles, CT was defined as heterozygous alleles and TT was defined as minor alleles. In samples that the interpretations using sequencing-based assays were not clear, the results were validated by TaqMan SNP Genotyping Assays (Assay ID AH8823E, Applied Biosystems) based on real-time PCR method as described previously [18] .
Statistical analysis
The Mann-Whitney U test or Student's test were used to compare continuous variables, and the χ 2 test or Fisher's exact test were used to compare categorical variables. HCV-RNA kinetic throughout the first 4 wk of therapy was analyzed according to HCV genotypes. The effect of the IL28B genotypes (CC vs non-CC) on HCV viral decline in HCV-1, HCV-3 and HCV-6 patients was also analyzed. Univariate and multivariate logistic regression was used to assess odd ratios associated with RVR and SVR. All statistical analyses were performed using the SPSS software for Windows version 17.0 (SPSS, Chicago, IL, United States). P < 0.05 for a two-tailed test was considered statistically significant.
RESULTS
Baseline characteristics and SNP rs12979860
Among 65 patients naïve to PEG-IFN/RBV included in this study, there were 15 patients with HCV-1, 16 patients with HCV-3 and 34 patients with HCV-6. Table  1 summarizes baseline characteristics and rs12979860 genotypes of these patients based on HCV genotypes. There were no significant differences in the baseline characteristics between each group with regards to gender distribution, mean age, body mass index (BMI), ALT level, HCV RNA level and the degree of liver fibrosis assessed by histology. The distribution of rs12979860 genotypes (CC, CT and TT) in the entire cohort was 50 (76.9%), 10 (15.4%) and 5 (7.7%), respectively. There was no significant difference in the distribution of the IL28B genotypes between HCV genotypes in this study.
RVR were achieved in 87.5% of patients with HCV-3 and 73.5% of patients with HCV-6, which was statistically more significant than that of patients with HCV-1 (46.7%) (P = 0.039). The overall rate of SVR in patients with HCV-3 (81.3%) was higher than that of patients with HCV-6 (76.5%) and was higher than patients with HCV-1 (66.7%), although there was no significant difference (P = 0.627). Among patients who attained RVR, SVR was achieved in 90% of patients with HCV-1, 92.9% of patients with HCV-3 and 88% of patients with HCV-6.
Viral decline according to HCV genotypes
The decreases in HCV RNA level during the first 4 wk were significantly correlated to HCV genotypes. We found that the magnitude of viral decline for patients infected with HCV-1 was lower than those infected with HCV-3 or HCV-6 at all time points. After 4 wk of treatment, the HCV RNA levels had declined by a mean of 4.23 ± 1.99 log10IU/mL in patients infected with HCV-1 compared with 5.86 ± 1.02 and 5.55 ± 1.82 log10IU/mL ing figures were 5.83 ± 1.60 and 4.23 ± 2.34 log10IU/mL, respectively (P = 0.163). The mean HCV-RNA levels (log10IU/mL) at different time points during the first 4 wk of PEG-IFN/RBV treatment according to IL28B genotypes in each HCV genotype are shown in Figure 2 .
Irrespective of viral genotypes, the first phase decline was significantly higher in patients with the CC than those with non-CC genotype (2.35 ± 1.04 and 1.28 ± 0.63 log10IU/mL, respectively, P < 0.001) ( Figure 3A) . In addition, the second phase decline was significantly higher for patients with the CC than for those with non-CC genotype (1.27 ± 0.67 and 0.75 ± 0.52 log10IU/mL/wk, respectively, P = 0.004) ( Figure 3B ). Patients with CC genotype had RVR rates of 78%, whereas RVR in the non-CC group was substantially lower (46.7%, P = 0.027). However, the SVR rates between patients with CC and in those infected with HCV-3 and HCV-6 (P = 0.007 and P = 0.040, respectively). There was no significant difference between patients infected with HCV-3 and HCV-6 (P = 0.437). The mean HCV-RNA levels (log10IU/mL) at different time points during the first 4 wk of PEG-IFN/ RBV treatment according to HCV genotypes are shown in Figure 1 .
The HCV-3 and HCV-6 groups had a first phase decline of 2.30 ± 1.25 and 2.32 ± 0.99 log10IU/mL, respectively, which did not achieve statistical difference (P = 0.958). However, both were higher than that of the HCV-1 group (1.38 ± 0.64 log10IU/mL) (P = 0.015 and P = 0.002, respectively). The second phase decline was comparable between the HCV-3 and HCV-6 groups were similar (1.25 ± 0.66 log10IU/mL/wk vs 1.17 ± 0.65 log10IU/mL/wk, respectively, P = 0.675) and higher than that of the HCV-1 group (0.99 ± 0.73 log10IU/mL/wk). The differences between HCV-3 and HCV-1 groups, or between HCV-6 and HCV-1 groups, were not statistically significant (P = 0.310 and P = 0.428, respectively).
Viral decline according to SNP rs12979860
Our data showed that the decreases in HCV RNA level during the first 4 wk of treatment were significantly correlated with the rs12979860 genotypes. Irrespective of viral genotypes, the baseline HCV RNA level in patients with CC genotype was significantly higher than in patients with the non-CC (CT and TT) group (6.42 ± 0.83 and 5.87 ± 0.88 log10IU/mL, respectively, P = 0.040). After 4 wk of treatment, the HCV RNA levels had declined by a mean of 5.77 ± 1.44 log10IU/mL in patients carrying CC compared with 3.84 ± 2.08 log10IU/mL in those carrying non-CC genotype (P < 0.001).
In the HCV-1 group, the HCV RNA levels had declined after 4 wk of treatment by a mean of 5.34 ± 1.43 log10IU/mL in patients carrying CC compared with 2.03 ± 0.50 log10IU/mL in those carrying non-CC genotype (P < 0.001). In the HCV-3 group, the corresponding figures were 5.97 ± 1.01 and 5.23 ± 1.10 log10IU/mL, respectively (P = 0.504). In the HCV-6 group, the correspond- non-CC genotypes were not significantly different (76.0% and 73.3%, respectively, P = 0.833).
In the HCV-6 group, the first phase decline was 2.46 ± 1.01 and 1.70 ± 0.67 log10IU/mL in patients with CC and non-CC genotypes, respectively (P = 0.045) ( Figure  3A ). The second phase decline was 1.24 ± 0.64 and 0.80 ± 0.65 log10IU/mL per week, respectively, in patients with the corresponding IL28B genotypes (P = 0.172) ( Figure  3B ). Patients with the favorable CC genotype achieved significantly higher RVR rates in comparison to those with the unfavorable genotypes (82.1% and 33.3%, respectively, P = 0.031). However, the SVR rates between patients with CC and non-CC genotypes were not significantly different (78.6% and 66.7%, respectively, P = 0.609).
Factors associated with RVR and SVR in patients with HCV-6
To identify factors associated with RVR and SVR in patients with HCV-6, baseline characteristics of patients and early viral kinetics during therapy were analyzed by univariate and multivariate logistic regression analyses. Potential baseline predictors of RVR and SVR included sex, age, BMI, ALT level, liver fibrosis score, HCV RNA level and rs12979860 genotype.
For RVR, univariate analysis identified significant effects correlated with the presence of the favorable CC genotype (OR = 9.20; 95%CI: 1.30-64.90, P = 0.026), the first phase decline (OR = 3.76; 95%CI: 1.29-10.96, P < 0.015) and second phase kinetics (OR = 9.50; 95%CI: 1.35-66.99, P = 0.024). However, only the first and second phase kinetics remained significant in multivariate logistic regression analysis (the first phase: OR = 6.39; 95%CI: 1.18-34.54, P < 0.031, the second phase; OR = 18.15; 95%CI: 1.13-291.50, P < 0.041). If only baseline pre-treatment parameters were included in the multivariate model, CC genotype (OR = 16.88; 95%CI: 1.45-169.5, P = 0.024) was considered significant.
Variables associated with SVR in univariate analysis were low HCV RNA level (OR = 6.75; 95%CI: 1.11-41.00, P = 0.030) and the second phase kinetics (OR = 12.60; 95%CI: 1.93-82.09, P = 0.008). In multivariate logistic regression analysis, only the second phase kinetics was associated with SVR (OR = 12.79; 95%CI: 1.65-99.28, P = 0.015). If only baseline characteristics were included in the multivariate model, no parameter was significant.
DISCUSSION
In the present study, we demonstrated for the first time the kinetics of HCV-6 correlates with IL28B polymorphisms in patients treated with PEG-IFN/RBV therapy. We found that rs12979860 significantly correlated with the early viral elimination during treatment, with a more rapid reduction of HCV RNA levels in patients carrying the favorable CC allele. The rapid first-phase reduction in patients with the CC allele suggests that the polymorphisms might be linked to the antiviral effect of PEG-IFN/RBV in the blocking of the production or release of HCV. A trend towards a steeper second-phase decline was also found in patients with the CC allele, although this was not statistically significant due to sample size. This finding might indicate that the rs12979860 polymorphism is linked to immune-mediated eradication of infected hepatocytes in addition to the antiviral efficiency.
Our data confirmed previous reports that the decrease in HCV RNA level during the first 4 wk was influenced by HCV genotypes with respect to IL28B polymorphisms. Previous data reported that in patients infected with HCV-1, HCV RNA levels declined by 3.8 log10 IU/mL after 4 wk among patients carrying CC compared with 1.1-1.5 log10IU/mL in patients carrying non-CC allele [19] . In our study, the decrease observed in the HCV-1 group was approximately 5.3 and 2.0 log10IU/ mL for those carrying CC and non-CC allele, respectively. Among patients infected with HCV-3, the corresponding declines in this study were 5.97 and 5.23 log10IU/mL, respectively. These observations are in agreement with previous results [20] . In the HCV-6 group, the corresponding figures were 5.83 and 4.23 log10IU/mL, for patients with CC and non-CC allele, respectively. We found that the impact of rs12979860 favorable allele on viral reduction during therapy in patients infected with HCV-6 is at an intermediate level compared to those infected with HCV-3 and HCV-1.
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In the HCV-6 group, the collective effects of the SNPs on the first-and second-phase viral decline might explain the differences in RVR rates. For instance, approximately 80% of patients with CC allele and 30% of non-CC allele achieved RVR. However, a high likelihood of RVR in patients carrying the favorable CC allele was not associated with a higher SVR rate. As shown in this study, there was no significant difference in SVR rate between CC and non-CC allele (approximately 78% vs 67%, respectively). In the multivariate model, our data also confirmed that the SNP rs12979860 was associated with RVR but not SVR. Previous studies in HCV-3 cohorts also showed that RVR but not SVR was influenced by the SNP alleles [12, 21, 22] . In contrast, previous reports in HCV-1 infected patients demonstrated that more robust early declines in serum HCV RNA predicted a higher SVR rate during PEG-IFN/RBV therapy [23] . A possible explanation of the discrepancy among HCV genotypes is that the effect of the SNPs might be attenuated by a better treatment response in HCV-3 or HCV-6 infection. In general, the lowest SVR rate of combined PEG-IFN/ RBV therapy is found in HCV-1 infected patients. A much higher SVR rate is observed among HCV-3 infected patients, while the response rate of HCV-6 infection is at an intermediate level [24] . These results suggest that the underlying mechanisms, which link the host genetic status to early HCV suppression, might be different from those required for virus eradication.
In summary, our results demonstrated that SNP rs12979860 was linked to early viral kinetics in response to PEG-IFN/RBV therapy in HCV-6 infected patients, which might lead to a higher rate of RVR. Despite the recent introduction of direct antiviral agents in patients with HCV-1 infection, combined PEG-IFN/RBV therapy is the only currently approved treatment for HCV-6 infection. Thus, we believe that an improved ability to predict treatment response is an important goal and is worthy of further large-scale studies, particularly in south China and many south-east Asian countries in which HCV-6 genotype is prevalent. 
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Background
The current standard therapy for hepatitis C virus (HCV) genotype 6 (HCV-6) is a combination of pegylated interferon (PEG-IFN) and ribavirin (RBV). However, early viral kinetics of HCV RNA levels during the combined therapy in HCV-6 infected patients with regard to interleukin-28B (IL28B) polymorphisms is totally unknown.
Research frontiers
Recently, several genome wide association studies have reported associations of different single nucleotide polymorphisms (SNPs) in close proximity to IL-28B gene with response to antiviral therapy. In addition, several independent studies have confirmed an association between the most studied SNP rs12979860 (located 3 kb upstream of the IL28B gene) and sustained virological response with PEG-IFN/RBV therapy in HCV genotype 1 (HCV-1) infection. In contrast, the importance of the SNP in HCV-6 infection is less defined.
Innovations and breakthroughs
This is the first study to report the early viral kinetics of HCV-6 during treatment in correlation with IL28B polymorphisms. The data demonstrated that rs12979860 CC genotype correlated with the rapid early viral elimination during treatment, particularly during the first phase. In addition, the impact of the SNP genotypes on viral reduction during therapy in patients infected with HCV-6 is at an intermediate level between those infected with HCV genotype 3 (HCV-3) and HCV-1.
Applications
SNP rs12979860 was linked to an impact on early viral kinetics in response to PEG-IFN/RBV therapy in HCV-6 infected patients, which leads to a higher rate of rapid virological response. This information may be useful for clinicians in counseling individual HCV-6 infected patients who are receiving antiviral therapy, particularly in south China and many south-east Asian countries in which this HCV genotype is highly prevalent.
Terminology
Early viral kinetics of HCV is demonstrated by measurement of HCV RNA levels frequently during the first few weeks of PEG-IFN and RBV treatment. Typically, the early kinetics has a biphasic pattern. The first phase is characterized by a decline in serum HCV RNA from days 0-2, which represents the antiviral action of IFN in blocking HCV production. The second phase, defined by the reduction of HCV RNA levels during days 7-28, indicates the clearance of infected cells by immune response.
Peer review
The paper is well written and gives important information of the viral kinetics of HCV-6 infection, which is considered to be a lesser known HCV genotype. Thus, these data may provide a better understanding of HCV-host dynamics in response to antiviral treatment.
